questionnaire was used to ask participants about their current or finished dissertation (group A), a dissertation they had discontinued (group B) or why they had never started a dissertation project (group C).
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Introduction
When and how scientific research should be integrated into medical education is a widely discussed topic [1] . From the perspective of medical educators research training should provide a rich and rewarding period of learning with respect to critical thinking, reviewing and interpreting the literature, experimental design, interpreting data, and communication [2] . Many countries offer scientific research programs during medical residency or fellowships with variable success [3] , [4] . Only a minority of trainees had completed a thesis [3] . Many trainees made adverse comments on the program [5] . There were also indications of inadequate training [6] . Some trainees, however, mentioned the value of having protected time for research [7] . An increase in future research activity was noted with longer duration of programs [8] . One study even found that more than 80% of trainees on a research program became academics [9] . Research training programs have also been offered to medical students on a voluntary basis and seem to have an important impact on medical students' research careers [10] . Furthermore, medical students showed an interest in scientific research electives [11] and research summer schools [12] . Other quite successful approaches have been made by curricular integration of basic sciences into clinical medicine [13] . Following one successful medical research project at the Albert Einstein College of Medicine in New York, which showed great improvement in students' scientific research skills, the question was even raised whether research projects should be a requirement for medical school graduation [14] . However, data from another study showed that a break to pursue research between year two and three of medical undergraduate training was associated with lower grades and scores on clinical knowledge tests [15] . The World Federation for Medical Education [16] suggests in its "Standards for quality improvement in medical education -European specifications" that the interaction between research and education activities should be reflected in the undergraduate curriculum and should encourage and prepare students to engage in medical research and development [16] . It also proposes that training in scientific thinking and research methods may include the use of elective research projects to be conducted by medical students [16] . However, many German medical students start working on a scientific research project during their undergraduate studies to write a dissertation which is reviewed and marked by two or three professors and is required to obtain the title "Dr. med." after successful graduation from medical school. The reasons why and when medical students in Germany decide to start working on a dissertation and the influence that a completed or abandoned research project has on their undergraduate studies are currently not well known. One study revealed that more than 15% of medical students never planned to start a dissertation project during their undergraduate training, while other studies from individual universities showed that up to 21% of all students abandoned at least one research project [17] , [18] . There is an ongoing discussion whether scientific research should be an integrated part of undergraduate medical training and not connected with receiving the academic title "Dr. med." On the other hand, students who want to pursue academic medicine could be given the opportunity to work in elective or postgraduate scientific research programs. Therefore, the aims of this study were to evaluate students' reasons for starting or not starting a dissertation research project. The influence of working on a research project on the pursuit of undergraduate studies was evaluated at five German universities. On the basis of the results from the students' questionnaires and the literature, we propose a model to study and conduct scientific research in medical education.
Methods

Sample and Design
In summer 2003, N=467 students at five German universities were included in this study (questionnaires distributed/collected: Berlin: 57/52; Bochum: 90/88; Düssel-dorf: 132/112; Essen 70/68; and Hamburg: 118/117). The participation was anonymous and optional and took place during compulsory courses, hence numbers of distributed questionnaires were used as equivalents for numbers of enrolled students per semester. Participants were studying in semester nine at this time, only in Bochum students were given the questionnaire in semester eight (the total number for undergraduate training in Germany is twelve semesters with semesters 11 and 12 being the "practical year" with full-time work on the wards or in ambulatory care). The data were collected and handled in accordance with the Data Protection Act. The vice deans of education and the directors of the departments agreed to this study. Return rates of questionnaires were between 85% and 99%. The data from all universities were combined for statistical analysis.
Assessment
A questionnaire was designed based on published data regarding dissertations [19] , [20] and on questions designed by the authors with regard to the literature. The instrument included the following categories:
1. General questions about the dissertation, scientific work, and relevant personality traits (completed by all participants; 8 questions) 2. Questions about the current or finished dissertation, e.g., type of project, reasons for choosing this project, accomplishment of individual project steps, expenditure of time for the project, and influence on undergraduate studying, as well as problems with the project (36 questions)
3. Questions about the first discontinued dissertation; questions similar to group A were asked (37 questions) 4. Questions for students who had never started a dissertation project, asking for their reasons for not starting (2 questions) 5. General social background (completed by all participants; 6 questions)
The response options included dichotomous yes/no-type answers (e.g., did you start your dissertation during your undergraduate studies?), numeral statements (e.g., number of semesters), individual text (e.g., "reasons were: please specify") and approval or refusal of a statement on a 6-point Likert scale ("1= I strongly agree", "2= I agree"," 3= I moderately agree", "4= I moderately disagree", "5= I disagree", "6= I strongly disagree").
Statistical Analysis
Data were evaluated in three groups.
• Group A: students with an ongoing or finished dissertation.
• Group B: students with discontinued dissertation projects.
• Group C: students who had never started a dissertation.
Data are presented as arithmetic means and frequency distributions. The Χ 2 distribution test and the t-test were used as statistical tests for independent samples. All discontinued dissertations were combined, even if a student started a new dissertation in the meantime. In this case, students were part of both groups answering the respective questions. Nevertheless, the t-test for independent samples was chosen because it reacts robustly against violations of its premises and is more conservative than the t-test for related samples. As our study was designed to collect data to propose suggestions for further research in this field, no Bonferroni correction was used to avoid an alpha error. Effect sizes are shown where appropriate, with values of 0.2 indicating small effects and values of 0.8 indicating large effects [21] . SPSS was used for all statistical analyses.
Results
437 of the 467 students participating in this study returned their questionnaire, resulting in a 93.5% return rate. A total number of 327 students had finished a dissertation or had started at least one dissertation and were still working on it (group A), 65 had abandoned at least one dissertation (group B), and 92 had never started a dissertation project (group C). The two most important reasons why students from group A started a dissertation were "interest in the topic" and "advantage for job applications", while "because everybody does a dissertation" reached the lowest rank (see Figure 1 ). When asked about the advantages they gained from working on their dissertation project, students from group A most frequently named "improved ability to critically appraise scientific studies" and "doing scientific work independently" as the biggest gains (see Figure 2 ). These and all other items (all means<3.0) were significantly different from group B (P<0.001, ε=0.43-0.62). Neither students from group A nor students from group B felt that a dissertation was a "useful addition to medical undergraduate studies". Almost 23% from group A and 8.3% from group B stated that working on a dissertation project had increased the duration of their undergraduate studies (P<0.05). Students from group A also reduced their participation in lectures and their preparation for and participation in courses significantly more than students from group B (P<0.001). Studying time for exams was influenced less by working on a dissertation (group A: M=3.71, SD=1.87; group B: M=4.26, SD=1.93, ε=0.29) but still significantly more reduced in group A compared with group B (P<0.001). From group A, 32.4% of the students estimated that working on their dissertation represented between 20% and 50% of the total time they used for their clinical studies (years 3 to 6), while 41.0% from group B spent only up to 5% of time for their clinical studies on their dissertation. The choice of dissertation topic had a significantly greater influence on the choice of speciality in postgraduate training in group A (33.0%) compared with group B (8.1%, P<0.001). When asked whether they believed that medical students were trained to work scientifically during their undergraduate studies and whether they felt that a dissertation increased the qualification of a graduate to work as a physician, students from all three groups answered these questions negatively (all means > 4.1, no significant group differences). Only 30.4% from group A but 66.2% from group B had started their dissertation project before the end of year 3 of their undergraduate training (P<0.001). Students from group C named "working on a dissertation distracts me from my undergraduate studies" (M=2.54, SD=1.34) and "no time" (M=2.54, SD=1.60) as the most frequent reasons for not having started a dissertation (see Figure 3 ). They also found that "a dissertation is no additional qualification for working as a physician" (M=3.16, SD=1.75). Other items did not seem to have played a major role in the decision against starting a dissertation. When students were asked whether they would have started a dissertation for scientific qualification if the title "Dr. med." was given just with graduation, 66% of the students who had never abandoned a dissertation project and 82.0% of the students who had never started a dissertation project answered with "no". 
Discussion
According to our data, students decide to work on a dissertation for two main reasons: "interest in the topic" and "advantage for job applications". Both items represent important aspects of a career in scientific research, either as a prerequisite for research success [22] or to open up career choices [23] . Therefore it seems almost natural that they are on top of the list for dissertation research projects as well. Whether these initial expectations are fulfilled and how working on a dissertation influences medical undergraduate studies is another matter. While students from group A feel that they developed their abilities to critically appraise scientific studies and learned to do scientific work independently while pursuing a dissertation project, they are less convinced that a dissertation is an advantage for a scientific qualification or a useful addition to medical undergraduate studies. Students from group B who abandoned at least one dissertation are even significantly less convinced about the latter. The above-mentioned findings referring to the development of scientific abilities are supported by other studies which show successful outcomes of research training on a voluntary basis [11] -currently the dissertation in Germany is a voluntary project. On the other hand, it has also been demonstrated that medical research can successfully be integrated into the curriculum [14] . Hence, the question arises whether timeframe, structure, and content might be the important components for students to experience research successfully. Since meanwhile the Bologna process is under way and may become an option for German medical schools, the dissertation will be part of its third cycle and take place after graduation from medical school. In our study students claimed that working on their dissertation had increased the duration of their undergraduate studies and it required up to 50% of their studying time during the clinical years. This also led to a reduction in their participation in lectures and other courses. These negative influences on undergraduate studies were significantly greater in students from group A who had successfully finished a dissertation or were still working on it.
Students from group C who had never started a dissertation used the same arguments "working on a dissertation distracts me from my undergraduate studies" and "no time" as reasons for not wanting to start a dissertation. They were not asked whether they had their lectures and courses in due time, which can be regarded as a reduction of the informative value of this statement. Since another study demonstrated that a break during undergraduate studies to pursue research was associated with lower grades on clinical knowledge tests [15] , it may be of some concern that -according to our data -working on a dissertation during undergraduate training might have the same consequences. However, these data were obtained with a curriculum where medical school takes only three years, and with the new legislation of the licensure law in Germany that came into effect after this study was conducted, our data on participation in lectures and seminars have to be seen from a different perspective.
Nevertheless, our study also shows that the later students start working on their dissertation, the more frequently the outcome of their research project seems to be successful. This leads to the hypothesis that some knowledge on research is acquired during undergraduate medical studies even though no structured program exists so far.
On the other hand, it could also be possible that an unknown number of students who started their dissertation in higher semesters might abandon their project later and were not detected in our study. However, our data show that many students seem to have great interest in scientific research, and other studies have also revealed that knowledge in scientific research is important in clinical medicine [2] . But a majority of students from our study would also not have started a dissertation if the academic title "Dr. med." had been bestowed upon graduation like the title MD. On the other hand, if research training programs are successful they can open up the chance for an academic career [9] . Basic knowledge in scientific research is an important prerequisite for the practicing physician [2] and can be successfully integrated into undergraduate medical training [13] , [14] , [24] . Hence, it seems reasonable to suggest that basic knowledge in scientific research should be integrated into the medical undergraduate curriculum as proposed by the WFME [16] . Our data show that many students had a particular interest in scientific research but would not necessarily have started a dissertation if the title "Dr. med." had been conferred upon graduation. Also, students who abandoned a dissertation might have had more benefit from a mandatory basic scientific research program than from an unsuccessful dissertation project as far as the attainment of scientific research skills is concerned. Students showing an additional particular interest in scientific research could be given the opportunity to broaden their skills and knowledge in scientific research by doing research electives [11] , [12] , which also seem to be quite successful in recruiting future researchers [9] . Since many countries provide research time during residency or fellowships with only a minority of trainees completing a thesis [3] but a majority of participants valuing protected time for research in these programs [7] , according to our data it might seem appropriate to integrate protected research time on a voluntary or elective basis into undergraduate studies for students having a special interest in this field. The fact that students from group A and B felt that the dissertation in its current form is not a useful addition to medical undergraduate studies underscores this proposal. In summary, our data show that students choose a dissertation project because of being interested in the topic and because of hoping that a dissertation is an advantage during job application. Students working on a dissertation successfully rate all items regarding the acquisition of scientific research skills significantly more positively than students who abandoned a dissertation project. Starting early during undergraduate studies with this voluntary project is associated with a more unsuccessful outcome.
In the light of our data and regarding results of other studies, we propose the following approach to scientific research for medical students:
• Training in scientific thinking and research methodology, especially interpreting the literature, experimental design, and data interpretation should become an integrated part of the medical undergraduate curriculum. • Scientific research electives or summer courses should be offered as part of the medical undergraduate mandatory elective program for students with a special interest in research projects which could be further pursued in PhD programs and research programs at medical faculties.
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